INTRODUCTION
In an era where manufacturing has become a global endeavor and international trade has driven growth and prosperity in Asia, the trade conflict that broke out in early 2018 presents a major stumbling block. The two main protagonists, the United States (US) and the People's Republic of China (PRC), are the world's largest economies and traders, together accounting for two-fifths of global gross domestic product (GDP) and about a quarter of global trade. Further, the trade conflict is not just bilateral but global, with many countries hit by the first wave of tariffs on steel, aluminum, washing machines, and solar panels and retaliating against them, even as a new wave of tariffs is threatened against auto and auto parts. It is therefore important to understand and quantify the risks to Asian economies posed by the measures already implemented, as well as those that may follow. Underlying Asia's growth strategy was an assumption that free trade provided the opportunity to benefit from ever longer global value chains, where each production unit is built to minimize costs, maximize efficiency, and foster innovation through international partnerships.
This is the first study to examine the current trade conflict using the Asian Development Bank's Multiregional Input-Output Tables, a rich dataset capturing international input-output linkages. It allows us to incorporate the strong trade and production links within developing Asia and between the region and the rest of the world, which is important given that trade in intermediate products and capital goods comprise 81% of developing Asia's total trade in 2017. The paper looks at different scenarios by first using calibrated elasticities to compute for the direct impact of the trade conflict on all tariff-affected goods, then conducting an input-output analysis to estimate the indirect effect of tariffs on GDP, exports, and employment not just globally and regionally, but also on individual countries and sectors within countries. Finally, the impacts of trade redirection toward other producers are analyzed using the input-output based approach adopted by Feenstra and Sasahara (2017) .
Results show that the negative effects are small for all the implemented and proposed tariff measures up to mid-October 2018, reducing PRC GDP by 0.5% and US GDP by 0.1% over 2-3 years. A full US-PRC bilateral escalation would shave just over 1% off PRC's GDP and 0.2% off US GDP. If all documented threats and retaliations are carried out (namely, 25% tariffs on all bilateral trade between the US and the PRC, and 25% tariffs on auto and parts imports by the US, assuming it will be fully retaliated against), the impact on the global economy can be significant as other advanced economies (such as the European Union [EU] and Japan) will suffer as well. Interestingly, trade redirection could generate a small net positive impact on other Asian economies, particularly electronics producers. The results in this paper are in line with those that have examined the trade conflict using a general equilibrium approach (Bollen and Rojas-Romagosa 2018; IMF 2018b; Kutlina-Dimitrova and Lakatos 2017) , but provide a more granular analysis of individual countries and sectors. Moreover, the inputoutput framework allows us to quantify forward and backward linkages which are missing in other papers.
In section II, the paper discusses the chronology of the 2018 trade conflict. Section III describes our data and methodology, and how it compares to other recent models in the literature. Section IV reports the main findings and provides estimates of the impact on the region's trade and current account balances in 2018 and 2019. Section V performs some sensitivity analysis around the estimates and considers extensions and caveats of the methodology, such as the timing effects, uncertainty regarding the amount of trade redirection, and rebalancing of supply and demand in labor and other markets. Section VI summarizes with a few concluding remarks.
II. THE 2018 TRADE CONFLICT UNFOLDS
The first salvoes of the trade conflict occurred in the first quarter of 2018. On 22 January, the US imposed 20% tariffs on imports of large residential washing machines and 30% on solar panels, and on 23 March, it imposed 25% tariffs on imports of steel and 10% tariffs on aluminum. Together these tariffs affected $58.3 billion worth of goods ( Figure 1 ). The economies that were hit-Canada, the EU, Mexico, the Russian Federation, Turkey, and, in developing Asia, India and the PRC-retaliated with their own tariffs affecting $35.8 billion of US exports. The direct impact of these initial measures on developing Asia was small, as they only affected less than 0.1% of the region's exports. Notes: *The $35.8 billion in retaliatory tariffs against US steel and aluminum tariffs were by Canada ($16.6 billion), India ($10.6 billion), the European Union (EU) ($3.2 billion), Mexico ($3 billion), Turkey ($2.31 billion), and the Russian Federation ($87.6 million). It excludes pending cases filed by the EU ($4.1 billion) and Japan ($1.9 billion) via the World Trade Organization dispute settlement mechanism. **The PRC has so far retaliated tit for tat. Continued tit for tat would require retaliation by $17 billion. The PRC has not yet announced a list, but such tariffs are assumed under the bilateral escalation scenario. ***The $925 billion in total affected US imports as of October 2018 includes all US implemented and threatened tariffs against the PRC and other countries. Source: Authors' calculations.
The conflict escalated and became more bilateral in nature in the second and third quarters of 2018. The US imposed, in two steps, tariffs on a wide range of imports from the PRC worth $50 billion: $34 billion on 6 July and another $16 billion on 23 August. The PRC immediately retaliated with tariffs on an equal amount of imports from the US. On 24 September, an additional $200 billion of PRC imports were hit with a 10% tariff scheduled to increase to 25% in January 2019. The PRC retaliated with tariffs of 5%-10% on $60 billion worth of imports from the US, effective the same day. The smaller amount reflected the fact that the PRC imports only about $130 billion in goods from the US, with almost 90% subject to tariffs as of 23 September 2018. In comparison, the US imported $505 billion in goods from the PRC in 2017. This bilateral trade conflict is worrisome for both the region and the world, as the PRC and the US are two of the three main hubs for global production chains (Figure 2) , with tight trade links in key sectors such as electronics and high-technology equipment. Table in terms of global value chain (GVC) participation. Node size is based on GVC participation, measured by the sum of backward and forward participation.
1 Blue nodes are the top three economies in terms of GVC participation; green nodes, the next 16; and orange, the following 16. Line thickness indicates the size of bilateral intermediate goods exports, where lines are only shown when these exports exceed $10 billion. The line color is based on color of source node. Source: Authors' calculations.
1
Forward participation is measured by the share of an economy's domestic value-added content embodied in the exports of other countries, while backward participation is measured by the share of foreign value-added content embodied in an economy's exports, following the Wang, Wei, and Zhu (2018) decomposition of gross exports. See the Technical Appendix in Part IV of ADB (2015) for further details and technical definitions of these concepts.
Most of the products affected in the first two rounds of bilateral tariffs levied on the PRC (worth $50 billion) are capital and intermediate goods that are targeted to benefit from the PRC's "Made in China 2025" plan. The PRC imposed tariffs mostly on agricultural products (including soybean meal and pork), chemicals, medical equipment, and energy equipment. These are more homogeneous goods available in other markets and are globally priced. The global stock-to-use ratios of steel and soybeans at the time of the tariff imposition were also at very comfortable levels.
2 In contrast, the US imposed tariffs mostly on machinery, transport equipment, and other industrial parts, goods that tend to be deeply immersed in global value chains (See Appendix Table A1 ). By the time trade tensions escalated to the second round of $200 billion by the US and $60 billion tariffs by the PRC, the affected product lines grew in scope such that it inevitably delved into consumer goods since fewer supply chain lines were left to target.
Continued threats of even more trade measures, both bilateral and global, portend even greater escalation. On the bilateral front, the US has begun vetting tariffs on another $267 billion of imports from the PRC that, should they go into effect, would effectively mean all goods exported from the PRC to the US are subject to the tariff. The PRC has threatened to retaliate with similar tariffs on all its merchandise imports from the US and is considering other avenues for retaliation. On the global front, the US administration has submitted for consideration a 25% tariff on US imports of autos and auto parts from all trading partners, which would affect $350 billion worth of goods. Here as well, the European Commission indicated in a report that retaliatory tariffs by other countries would reach up to $294 billion worth of US exports.
The escalation and threats have significantly dampened the outlook for global growth over the medium term. Both global growth and developing Asian growth have been revised down for 2019 by the International Monetary Fund (IMF) and ADB as a result of the impact of the trade conflict (IMF 2018a and ADB 2018b) . Moreover, data in the third quarter of 2018 already show signs of weaker export and sales in the PRC. The threats have also placed investors in a wait-and-see mode, accelerated restrictions of high-tech foreign direct investment from the PRC and vice-versa (Hanemann 2018) ; and incited complaints from global multinational companies regarding major disruptions to their businesses (Reuters 2018).
As concern over collateral damage from the US-PRC trade dispute continues, other economies have called for stronger trade ties, which can help cushion the impact. Free trade agreements pushing ahead within Asia include the Asia-Pacific Trade Agreement, the Comprehensive and Progressive Agreement for Trans-Pacific Partnership, and the Regional Comprehensive Economic Partnership, which comprises the largest trading block in the region, including both the PRC and India. Outside Asia, the EU has recently signed an agreement with Japan on the Japan-EU Economic Partnership Agreement, which represents the biggest bilateral trade deal by the EU. Moreover, the EU has also reached a deal with Singapore on the EU-Singapore Free Trade Agreement and has agreed with the US on the EU-US zero tariff deal. The US has also initiated less threatening negotiations: recently, a new deal, called the US-Canada-Mexico Agreement, has been reached by Canada, Mexico, and the US. The US also reinitiated trade talks with the EU. Nonetheless, the environment continues 2 Although soybeans can be substituted with supplies from other countries, in principle, future contracts for delivery of agricultural goods are set ahead of time, which implies that severed contracts create significant disruptions. Indeed, pork farmers in the PRC reportedly have found it difficult to replace the same quality of soybean meal for animal feed, impacting pork prices. Following protests by US soybean farmers regarding the ensuing losses from tariffs imposed by the PRC, the US government announced a subsidy program to buy the amounts not purchased by the PRC and massively increase food aid under the Food Stamp program. Such a redirection is highly inefficient.
to be very uncertain, and already this situation is affecting business plans. It is thus important to understand the underlying effects at the sector level.
III. THE MODEL SET UP
A.
Channels of Impact
There are various channels through which the trade conflict can affect economies in developing Asia. The analysis presented here focuses on three possible channels:
(i) Direct effects impact products and countries that are subject to the tariffs. Purchasers of these goods in the country that imposed the tariff now face higher prices per unit, which reduces their demand for these products from the targeted countries. (ii) Indirect effects work through local and international supply chains. Producers that now sell fewer goods because of the tariffs respond by lowering production and buying fewer intermediate inputs from their suppliers, both domestic and foreign, with knock-on effects all the way along local and international supply chains. (iii) Trade redirection is possible toward suppliers not directly affected by the tariffs. These suppliers can be either domestic or in third countries that are exempt from the tariffs. Trade redirection may thus benefit other countries not directly involved in the trade conflict. This is particularly true for countries that already produce the targeted goods but are exempted from the tariffs now levied on their competitors, and which have the capacity to expand production sufficiently in response to increased demand. It may also benefit the countries to which production may shift in a prolonged trade conflict.
These three channels partially capture the short-to medium-term disruptions on firms and consumers, particularly for items, such as semiconductors, that are produced by relatively long and complex global value chains. The direct effect captures the immediate impact of the trade conflict. In the short term, countries imposing the tariff experience lower product imports from the rest of the world. Production of, and demand for, final products will also be affected as inputs become more expensive, leading to a reduction in output. Because producers and consumers may need more time and resources to find alternative suppliers, trade redirection is assumed to occur in the medium term. Both the domestic economy and third countries that produce the same goods targeted by tariffs could experience a net benefit as the demand for their output rises owing to trade and production redirection.
B.
Trade Conflict Scenarios
The implications of three separate trade conflict scenarios are examined. The first scenario ('current scenario') is the trade conflict as it currently stands, which includes all trade measures implemented as of October 2018. For the $200 billion in tariffs that the US imposed on the PRC, a 25% rate is assumed because the US has already declared that the tariff will rise to this level by January 2019. The second scenario ('bilateral escalation scenario') features the US-PRC full-blown escalation, with the trade conflict between the US and the PRC intensifying further. Specifically, it assumes that both countries impose blanket tariffs of 25% on all merchandise imports from the other country. The third scenario ('worse-case scenario') includes measures under the bilateral escalation scenario and a global escalation of the trade conflict between the US and its trading partners, particularly in auto and auto parts and components trade. It simulates the imposition of tariffs amounting 25% on global trade of autos, parts, and components.
The immediate impact of these three scenarios, as well as the channels of trade reallocation, will take time to fully materialize. Producers and consumers will need to reallocate demand and new suppliers will need to appear to pick up the slack, some from scratch. Timing calculations for the direct effects of the tariffs based on actual and presumed dates of implementation suggest that under the current scenario, 40.4% of the estimated direct impact will be realized this year, and by 2019, countries will bear the full brunt of the trade conflict. Under the worse-case scenario, the estimated direct impact escalates in the last quarter of 2018, with 13.1% of the direct impact realized in 2018. This rises exponentially to 90.8% in 2019, assuming the tariffs on autos and retaliation take place in February 2019, when the US Department of Commerce findings are due. Direct impact will approach full effect in 2020 (99.6%) and would be complete in 2021 (100%) ( Table 1 ). 
C. Data and Scenario Modeling
The ADB Multiregional Input-Output Table (ADB MRIOT) for the year 2017 is used to quantify the impact of changes in tariffs working through local and production chains. It documents trade and production links between economies and industries for 35 sectors in 62 economies, including 24 in developing Asia, which together comprise 96% of the region's GDP, 3 plus an economy called "rest of the world." Using this comprehensive dataset offers two key advantages. . First, it allows for the calculation of impact not just on broad regions, as is often the case with alternative models, but on individual economies and even on individual sectors within economies. Second, it enables the treatment of economies not as separate entities, but as interconnected players in a complex web of production networks. Because it shows a very detailed snapshot of the global economy at a given point in time, analyses using MRIOT have been particularly useful in understanding the structure and evolution of global value chains (see, for example, Timmer et al. 2014 and Wang, Wei, and Zhu 2018) .
The direct impact of the trade conflict is first quantified at the product level. The authors gather published lists of tariff-affected commodities (including magnitudes of tariffs imposed) for all 3 The 24 economies in developing Asia (excluding Japan) individually included in the latest version of the ADB MRIOTs are: Brunei Darussalam; Cambodia; Fiji; Hong Kong, China; India; Indonesia; Kazakhstan; the Kyrgyz Republic; the Lao People's Democratic Republic; Malaysia; Maldives; Mongolia; Nepal; Pakistan; the People's Republic of China; the Philippines; the Republic of Korea; Singapore; Sri Lanka; Taipei,China; Thailand; and Viet Nam. Those not listed are part of the rest of the world. countries involved in the trade conflict as of end-September 2018. We match these commodities with detailed trade data from BACI and the United States Census Bureau (2017) using a 6-to 10-digit Harmonized System classification. At this level, the implied reduction in nominal import values from tariff-affected trading partners are computed using import demand elasticities.
While this paper has significant granularity of the goods impacted (at the 6-digit level of the Harmonized System classification), an issue endemic in the trade literature of aggregation arises. When aggregating from the detailed product level to the 35-sector, country-product level, the paper may be missing some substitution occurring across products within the directly affected sector-which would bias the results upward by showing a larger impact (less substitution) than what in reality occurs. Some of this is captured by the import elasticity of demand, or some of it may manifest in specific markets adjusting to the tariffs at different speeds. 4 Nevertheless, the results presented here focus on the short to medium terms, where import demand elasticities are lower than in the long term: initially producers have much less time to substitute and will tend to pass on the higher tariff-induced costs through the value chain, eventually to final prices.
In order to partially address these issues, two important adjustments are allowed to account for differences in product substitutability across countries. These are adjustment using product market share, and adjustment using the product complexity index of Hidalgo and Hausmann (2009) (See Box below) . The first adjustment tries to capture relative dominance or market share: if the export item from the country subject to the tariff comprises a large share of the importing country's demand for that item, the importing country cannot easily substitute away from that product. Specifically, for any given product, it is assumed that dominant exporters face a less elastic demand curve. The second adjustment assumes that product substitutability declines as product complexity rises. Simple products behave more like commodities, but if a product is very complex and difficult to produce it will be harder for the importing country to find a suitable alternative substitute, and the product will face a less elastic demand curve.
The process outlined above is performed through several steps. The scenarios are studied repeating the same process under a set of hypothetical assumptions about how the trade conflict is likely to cascade in the future. The model has been constructed to easily allow for the construction of new scenarios (including the retaliation or initiation of trade measures from other countries except the US and the PRC), as well as changes in the assumptions about the speed of adjustment for various sectors. At the product level, two rounds of impact were considered. In the first round of calculations with no trade redirection, imports from tariff-affected countries are reduced due to the tariff hikes. In the second round of impact which incorporates trade redirection, the shortfall in imports from the first round is compensated by other foreign and/or domestic suppliers, following Feenstra and Sasahara (2017)'s approach, where trade is redirected toward other producers in proportion to their current shares in the global market. This paper assumes that only half of tariff-affected trade is redirected; should actual trade redirection be greater or smaller than this, so will potential positive spillovers into other suppliers.
Adjustment Using Market Shares
Market shares by product reflect the relative dominance of exporters to the product imports of an importing country. Recent trade literature makes use of market shares as weights to derive an average import demand elasticity for a given set of products (Felettigh and Federico 2010, Imbs and Mejean 2017) . In contrast, this study utilizes market shares to generate elasticity measures that are heterogeneous at the product level.
Given import demand elasticities k η that vary at the country level, say from Tokarick (2010) , or simply are unit-elastic across all countries, the price elasticity of the demand of country k for product p from the exporting country m , Share → . As the product market share of the exporting country increases, this elasticity tends to zero.
Adjustment Using the Product Complexity Index
Empirical evidence suggests that product sophistication impacts countries' sensitivities to changes in prices of imported goods (Arbatli and Hong 2016) . Thus, product sophistication is factored into the calibration of elasticities by constructing a factor adjustment based on the product complexity index developed by Hidalgo and Hausmann (2009) .
The most recent product complexity dataset (2016) is used to construct this factor adjustment. The assignment of elasticities to products satisfies the following conditions: (a) products that have a high product complexity index ( ) p PCI are assigned less elastic import demand elasticities, while (b) products that have low p PCI (hence, less sophisticated) are assigned more elastic import demand elasticities. It is assumed that more complex and/or sophisticated products are not easily substitutable in global trade, while the opposite is true for less complex products. So, given initial country-level import demand elasticities k n , the price elasticity of demand of country k for product p from the exporting country m , p km n is constructed in the following manner.
The baseline results are based on short-run, country-level import demand elasticities sourced from Tokarick (2010) without any factor adjustment, but the implications of relaxing this assumption are examined in the sensitivity analysis in section V below. Changes in imports at the product level are aggregated by industry and type of use categories that are consistent with international statistical classifications. These changes are applied to the benchmark 2017 ADB MRIOT, which reflect modeled scenario assumptions. The benchmark and modeled MRIOTs are used as inputs to the Leontief demand-pull analysis, which was utilized to estimate the direct and indirect impacts (including potential trade redirection effects) of the trade conflict. Worse-Case Scenario (add 25% tariff on all autos and parts + retaliation) US blanket tariffs of 25% on all imports of autos worth $350 billion-including sports utility vehicles, vans, and light trucks, and auto parts worth about 14.5% of US imports equivalent to 0.44% of global gross domestic product Retaliatory measures by other countries on all their auto and auto parts imports from the US worth $130 billion (6.8% of total US merchandise exports). US auto import partners include: Mexico ($106.1 billion), Canada ($61.9 billion), Japan ($55.2 billion), the United Kingdom ($30.7 billion), the Republic of Korea ($22.2 billion), the PRC ($20.3 billion), and Germany ($10.6 billion)
Model assumes first quarter 2019
Source: Authors.
The modeled scenarios and countries involved are described in Table 2 and the detailed list of  goods affected in Appendix Table A1 . Our results yield estimates of changes in exports, GDP and employment for each of the 35 x 63 country-sector pairs of the latest available full year (2017), with impacts occurring through three different but interrelated channels: the direct effect, indirect effect, and trade redirection. Input-Output Analysis
Data on the flow of economic transactions across country-industries worldwide is summarized in multiregional input-output tables. In the analysis presented here, output in each country-industry pair is produced using domestic production factors (capital and labor) and intermediate inputs, which are sourced either domestically or from foreign suppliers. This may be used to satisfy final demand or be used as an intermediate input to production (at home or abroad) (Los, Timmer, and de Vries 2015) . Assuming there are m countries and n sectors in each country, the mn country-industry pairs in the global economy constitute the most detailed units of observation in this analysis.
Tariff change is modeled as a shock that alters the overall level and distribution of intermediate and final demand across economies worldwide. Suppose 0 is the superscript for the initial benchmark state and 1 is for the modeled scenario, the fundamental input-output identity by Leontief (1936) implies that the change in gross output can be expressed in matrix form as:
Here, he mn vectors of output and for the final demand, while , a matrix of size mn − by mn − , is the so-called global Leontief inverse. It indicates the output of each country-industry i that is required per unit of final demand for the products delivered by country-industry j .
The methodology described above is standard and may be extended to derive estimates of employment and value-added changes attributable to shocks. For instance, let be the mn vectors of employment and value added by country-industry pair. Then, the total labor demand generated across country-industries may be expressed and that for value added by . 6 Here, are the mn vectors of employment per unit of output and value added per unit of output. Thus, change in employment and change in value added can be modeled using multiregional input-output analysis as: Here GDP refers to gross domestic product at basic prices or, analogously termed gross value added. In contrast, GDP in official statistics is valued at market prices. That is, it is the sum of gross value added of all resident producer units plus taxes on products, less subsidies on products. Meanwhile, gross value added is the difference between output and intermediate consumption. 6 A hat (e.g., ) indicates a diagonal matrix, with the elements of the vector l l on the diagonal.
E. Comparison with Other Analyses of the Trade Conflict
Several other analyses of the effects of the trade conflict have been published. Their results are often not directly comparable because of differences in scenario assumptions, or noncomparability of regions or time periods. A few of these are discussed below, and a detailed summary of studies can be found in Appendix Table A2 .
(i) Li, He, and Lin (2018) use a multicountry general equilibrium model to discuss the possible impacts of an escalated bilateral trade conflict between the PRC and the US by simulating various tariff rates on PRC and US imports. The negative effects manifest more prominently in the GDP of the PRC, which is seen to decline by 1.15 percentage points when tariffs are at 30%. On the other hand, the US gains by a small amount: 0.04% of GDP. Although the trade conflict hurts the PRC more than any other economy, they find the effects are still manageable (although the impact for both countries is more severe the higher the tariff rate). One of the limiting factors in this study is the lack of countrylevel demand elasticities, unlike our approach.
(ii) Bollen and Rojas-Romagosa (2018) , under the purview of the Netherlands Bureau for Economic Policy Analysis (CPB), used WorldScan-a 30-country, 29-product recursive dynamic computable general equilibrium (CGE) model based on the latest Global Trade Analysis Project version 9 database with base year 2011. To compensate for the lack of granularity inherent in the model, a sectoral trade-weighted average tariff is estimated to aptly account for the relative importance of individual product tariffs within the sector, based on current trade values. Results show that the economic effects of current measures are limited, but some specifically targeted sectors in the PRC and the US suffer more. Over time, amid more tariffs, the PRC's economic loss is equivalent to 1.3% of GDP, whereas the decline in the US is limited to 0.3% of GDP. Other economies benefit via the trade diversion channel, but this quickly fades once the US levies tariffs on autos and other products.
(iii) In the October 2018 World Economic Outlook report, the IMF uses a multiregional dynamic stochastic general equilibrium model known as the Global Integrated Monetary and Fiscal model, which has overlapping generations of consumers, thus providing rich dynamics. The model has well-specified monetary and fiscal policy functions, and thus is appropriate for analyzing policy shocks and incorporating endogenous policy responses. The major drawbacks are that it cannot capture some of the sectoral distortions that the proposed trade restrictions are likely to generate, and does not account for spillovers via global production networks. However, IMF (2018b) adds a Ricardian trade model extension which accounts for sectoral redistribution for four countries in developing Asia: India, Indonesia, the PRC, and the Republic of Korea. The IMF analyzes five different scenarios that include: all measures that have already been implemented, plus retaliation from all US trading partners with tariffs on an equivalent amount of US exports (scenario 1); a heightened US-PRC bilateral trade war with tariffs rising to 25% on remaining unaffected goods (scenario 2); auto sector trade conflict (scenario 3); investmentreducing "confidence shock" (scenario 4); and "market reactions" from tightening financial conditions (scenario 5). The three scenarios used in this working paper correspond most closely to the IMF's scenarios 1, 2, and 3. The cumulative negative effect is seen to peak in the second year, or in 2020, where global GDP is seen to decline by 0.8% relative to before trade tensions improving to 0.4% over the medium term. This is mostly attributable to confidence effects and market reactions, while the effects of the tariffs themselves are relatively small. Over the long term, where adjustments have taken place, output in the US is affected the most, with almost 1% below a no-trade-war scenario, and output in the PRC declines by 0.5% below the baseline.
(iv) The European Central Bank Economic Bulletin (Issue 6/2018) prepared by Dizioli and van Roye, employed a multicountry, multisector model that uses both the ECB's global model and the IMF's Global Integrated Monetary and Fiscal model. The primary assumption is that the duration of the trade conflict is expected to last for only 2 years, which is short in comparison with the IMF model that runs until 2022 and the CPB model which is until 2030. The current scenario resembles an earlier landscape of the trade conflict, in which the US imposed tariffs on steel (25%), aluminum (10%), and $50 billion of US-PRC bilateral trade (25%), while the bilateral escalation scenario is depicted as blanket 10% tariffs on US imports with retaliation from trading partners. The ECB finds that the current scenario would have a marginal effect on global GDP, but the US and the PRC are individually badly affected: real GDP in the US is expected to weaken by 1.5% as lower exports negate the gains in domestic shares of US firms. It is slightly positive for the PRC, but gains diminish over the 2-year span. As with the IMF model, a fall in confidence has significant adverse effects on global GDP.
(v) Two CGE analyses using the Global Trade Analysis Project are by Zhai and Zhuang (2017) and Kutlina-Dimitrova and Lakatos (2017) also show similar results. In a scenario in which the PRC and the US impose a 40% tariff on all their imports using 2011 data, Zhai and Zhuang (2017) find that total trade falls by 0.22% of global GDP.
IV. RESULTS
This section summarizes the main results, showing the impact of each scenario across different countries and regions, and discusses in detail the potential global and economywide impact on GDP, exports, employment, and current account balances.
A. Effects on Gross Domestic Product
Overall Impact
Under the current scenario, both the PRC and the US are negatively affected, with a larger impact on the PRC (Figure 3 top panels, blue bars). The trade measures already implemented would lower GDP in the PRC by 0.5% relative to what it would have been in the absence of any trade conflict. The impact on the US is substantially smaller, subtracting 0.1% of GDP. For both economies, most of the negative impact is felt through direct and indirect channels. The difference in the size of the effects across the two economies should not be surprising. As Figure 1 showed, the tariffs imposed by the US on the PRC are an order of magnitude larger than those imposed by the PRC on the US, and the PRC is more dependent on US demand for its goods than the US is on PRC demand.
Should the bilateral trade conflict escalate to cover all goods traded between the two countries, the effects on GDP in the two countries would be significantly larger, with the PRC again being hit the most (Figure 3 top panels, first yellow bars). GDP in the PRC would decline by just over 1%, with most of the effects again coming in as direct effects of the tariffs and indirect effects delivered through domestic production linkages. The US would see its GDP fall by 0.2% relative to a baseline of no-conflict.
Under the worse-case scenario where a global trade conflict in autos and auto parts materializes, global effects are somewhat more significant, with global GDP declining by 0.25%. The trade conflict in autos and auto parts has only a marginal incremental effect on PRC's GDP, and in the US trade redirection toward domestic producers helps ameliorate the effects of an auto trade war. Instead, much of the additional negative impact of a trade conflict in autos and auto parts is borne by Europe and Japan.
The rest of developing Asia may actually benefit through trade redirection. For the rest of developing Asia outside the PRC, the impact of the trade conflict through the direct effects of tariffs and indirect effects conveyed via production links are negative but relatively small: -0.06% in the current scenario and -0.24% in the worse-case scenario (Figure 3 bottom right panel). Allowing for trade redirection, the net effect on the rest of developing Asia turns mildly positive, at 0.07% under the current scenario and 0.16% under the worse-case scenario. The potential gain from trade redirection is 0.13% of GDP under the current scenario and 0.4% with the worse-case scenario. The economies in the region that stand to benefit the most are, in descending order, Viet Nam (+2.14%); Malaysia (+0.46%); Taipei,China (+0.42%); and Thailand (+0.22%) because they produce and export goods that compete with products from economies affected by the tariffs. Appendix Table A3 presents a detailed summary of the impact on GDP, employment, and exports of 24 developing Asian economies under each scenario. 
Sectoral Impact
From a sector perspective, the negative impact of the trade conflict on the PRC cuts across many sectors, while the gains in the rest of developing Asia are concentrated in only a few (Figure 4 ). For example, under the worse-case scenario, the PRC electronics industry is the hardest hit by 0.15% of GDP. Other affected sectors in order of impact include wholesale trade, mining and quarrying, agriculture, textiles and garments, financial services, manufacture of metals, chemicals, and industrialpurpose machinery. The presence of wholesale trade and financial services in the list illustrates the significant role that production linkages play in transmitting the impact of the trade conflict throughout the economy. For the rest of developing Asia, the potential benefit from trade redirection is concentrated in sectors where the region competes with the PRC. Foremost among them is electronics, which is boosted substantially in Southeast Asia (ASEAN-5 countries: Indonesia, Malaysia, the Philippines, Thailand, and Viet Nam) and the newly-industrialized economies (NIEs). Textiles and garments sector also benefits in ASEAN-5 economies, and metals in the NIEs will gain because the Republic of Korea is one of the few countries exempted from the US tariffs on steel. 8 In contrast, the gains for other economies in developing Asia outside the ASEAN-5 and the NIEs are primarily in textiles, agriculture, and wholesale trade. 
B. Effects on Exports

Overall Impact
Under the current scenario, the net decline in global trade, measured by exports, is minor, at 0.4%. Not surprisingly, the two protagonists of the trade conflict-the US and the PRC-are the biggest losers ( Figure 5A ). The decline in exports is largest in the PRC at 3.6%, while the US endures a weaker decline of 1.9%. This is explained by the PRC's greater dependence on US markets as an export destination vis-à-vis the US's lower reliance on PRC markets. The increase in other economies' exports resulting from redirection of trade is not significant.
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While imports of steel from certain trade partners (namely, Argentina, Brazil, and the Republic of Korea) were subject to quota restrictions, such trade transactions were treated in the model as 'exempted' from punitive duty rates. This implies that these trade partners may still benefit, albeit limitedly, from trade redirection since no additional tariffs were imposed on steel imports, and prices were assumed to remain intact. Thus, the results may overestimate the gains in trade redistribution of exempted countries for steel and steel products. However, this limitation in data modeling may be slightly tolerated in light of new administrative measures granting targeted relief from steel quotas. The global impact of the bilateral escalation scenario is marginal relative to the current scenario ( Figure 5B ). The imposition of blanket tariffs on bilateral exports to the PRC and the US, however, would hit the PRC the hardest with an additional 4.2% decline in total exports. In contrast, the EU and Japan will see a slight increase in exports of about 0.3%-0.8%. Economies in developing Asia would see exports rise reflecting trade redirection in sectors such as electrical and optical equipment, textiles, and chemicals. Exports from Viet Nam would rise by 7.3%, and other economies such as Taipei,China (+2.1%) and Malaysia (+1.9%) would see smaller but still considerable export gains.
Escalation of trade conflict to the Worse-case scenario, including tariffs on autos and auto parts, can bring down global trade by 1.4%. (Figure 5C ). The US would experience a larger decline in exports of 5.5%, while gains in exports for Japan (-1.8%) and the EU (-0.1%) are negated. Trade redirection benefits in developing Asia would see a slight decline owing to lower US demand for auto and auto parts.
Sectoral Impact
Under the worse-case scenario, the impact of trade redirection effects in two of the most important sectors for the region-electrical and optical equipment ('electronics') and textile and garments-is significant. As seen in Figure 4C , ASEAN-5 is set to gain in both these sectors, the NIEs primarily in electronics, and the rest of developing Asia in textiles. On a per country basis, however, these benefits are not equally distributed, suggesting varying technological intensity and/or degree of participation in global value chains.
The NIEs and ASEAN-5 have well-established supply bases for manufacturing electrical and optical equipment and components, making them the most viable alternative for similar goods imported from the PRC. 9 The current scenario does not significantly boost electronics exports in the region ( Figure 6A ). An escalation to the bilateral scenario entails total coverage of every electronics product that the US imports from the PRC. As a result, effects are more pronounced as demand for PRC electronics is drastically cut by an estimated $72.4 billion, equivalent to 3.1% of total PRC exports ( Figure 6B ). The resulting trade redirection toward other electronic producers primarily benefits ASEAN-5 ($9 billion) and NIEs ($10.2 billion), with Viet Nam increasing total exports by 3.5% and Taipei,China by 1.2%. The marginal impact on the electrical and optical equipment sector when trade conflict in autos is added in the worse-case scenario is modest with a reduction of $1 billion in potential gains ( Figure 6C ). A number of developing Asian economies are dependent on the textile and garment sector for their external trade. This is shown in the bilateral escalation scenario ( Figure 7B ) wherein exports in smaller developing Asian economies such as Cambodia, Bangladesh, Sri Lanka, Pakistan would see increases in sector exports ranging from 1.3% to 3.4%. The total magnitude of redirected trade is estimated to reach $2.4 billion, which is slightly lower than that of ASEAN-5 with $2.8 billion. 
C. Effects on Employment
The effect on global employment under the current scenario is negative amidst weaker global GDP and lower trade. Employment outcomes vary greatly between the PRC vis-à-vis the US and other economies. The initial wave of trade measures under the current scenario could result in a loss of 3.5 million jobs in the PRC, while the US would see a loss of about 180,000 jobs. Employment effects outside these two economies are fairly insignificant, with slight gains for the rest of developing Asia ( Figure 8A ). Under the bilateral escalation scenario, the resulting potential employment losses in the PRC may exceed 8.5 million or 1% of total employment ( Figure 8B ). The worse-case scenario will negatively affect employment in developed economies such as the EU and Japan, while the US will likely experience employment declines that are a fraction (no more than one-fifth) of a percent ( Figure 8C ).
A closer look at the five sectors that are most prominently affected for selected economies reflect their relative labor intensity (See Table 3 ). In the PRC, sectors such as agriculture, community, social and personal services, retail trade, textiles and garments, and electronics account for over 60% of the total employment loss, indicating their high labor intensity in production. In the US, where the employment drop is smaller, the business activities sector has a large labor loss despite it being a nontraded service sector, reflecting the sector's labor intensity and the importance of intersectoral linkages. Although US agricultural exports are directly impacted, only 53,000 jobs are shed reflecting the sector's high capital intensity. Employment in the transport equipment sector in the US increases slightly, unlike in other sectors, reflecting the large number of domestic auto and parts producers. In developing Asia, excluding the PRC, higher levels of trade and economic activity substantially improve employment in the sectors where the PRC sheds jobs. 
D. Effects on Current Account Balances
This paper also examines the impacts of tariff measures on external current account balances using the Asian Development Outlook (ADB 2018a) projections produced in April 2018 as the benchmark. These projections reflect growth and external balances assuming the trade conflict had not happened. Model results were used to compute for the size of the current account balances (i) under the current scenario, which is assumed to have fully taken effect in the second half of 2018; and (ii) under the worse-case scenario, which is assumed to take effect starting in the last quarter of 2018 and auto and parts' tariff measures with retaliation kick in the first quarter of 2019. The paper allows partial trade redirection, with 50% of producers assumed to find new suppliers by 2019.
Under both scenarios, the impact on current account balances is mild (Figure 9 ). In the worsecase scenario, for example, the current account surplus of the PRC is only marginally narrower, equal to 1.0% of GDP in 2019 rather than 1.2% as forecast in the Asian Development Outlook 2018. While the decline in PRC exports is significant, imports are also lower because of both the tariffs imposed by the PRC and indirect effects that reduce demand in the PRC for imported intermediate inputs. In addition, the PRC's GDP is now smaller. For the same reasons, the US sees only a marginally narrower current account deficit, equal to 3.2% of GDP in 2019 instead of 3.4% as forecast in the Asian Development Outlook 2018. Similarly, the rest of developing Asia sees only minor impacts on current account balances even in the bilateral escalation scenario. The NIEs see their 2019 current account surplus higher, at 7.3% of GDP from 7.1% forecast earlier, and the ASEAN-5 current account surplus equals 1.1% of GDP in 2019, not 0.7%-the benefits to both groups coming from trade redirection. There is no discernible impact on India's current account deficit.
The model results are also used to predict movements in the US-PRC trade balance under the different trade conflict scenarios (Figure 10 ). In 2017, the US-PRC trade deficit in goods reached $375.6 billion. Applying tariff measures under the current scenario, bilateral trade deficit narrows by 11.2%, with expected decreases in US exports to the PRC by 8.6% and US imports from the PRC by 10.5%. Under the bilateral escalation scenario, the US trade deficit with the PRC improves by 37.8%, driven by a steeper decline in US imports from the PRC. Given that the PRC's exports to the US are disproportionately at stake in this scenario, the decline in the PRC's nominal output corresponds to higher decline in export production compared to the US. This explains the noticeable decline in US imports from the PRC compared to the PRC's imports from the US. Finally, in a trade conflict involving autos and auto parts, movements in trade deficit were barely observed. However, moving from escalation to worse-case scenario shows a higher decline in US exports to the PRC (0.13%) than is observed in its imports from the PRC (0.02%). This is due to the associated negative impact to US output from trade disruptions in auto supply chains, hence bringing down export production destined to trading partners including the PRC. In contrast, a minimal impact on the PRC's exports to the US is expected given that tariffs were already introduced on all PRC merchandise exports to the US in the previous scenario. The simulation does not incorporate other possible counteracting effects since the beginning of the trade conflict, nor does it measure nontariff barriers and investment restrictions. A continuing appreciation of the dollar and stronger-than-expected export demand by the US from developing Asia and elsewhere amid an escalation of US fiscal spending could also undermine its initial intentions to reduce imbalances with Asia through higher tariffs.
V. SENSITIVITY ANALYSIS
The response of importers to higher tariffs depends crucially on the assumptions about demand elasticities. Elasticities are typically difficult to estimate accurately at the country-product level, can change over time, and affect much of the literature. Therefore, as a robustness check, various combinations of import demand elasticities are constructed (see Table 4 below).
The elasticity in the first row (denoted T ) was used as a baseline in the results presented in this paper. Table 5 summarizes the results under the different elasticity assumptions. The simulations reveal that elasticity T has the highest values on average, hence it yields the highest negative impact on GDP. Estimates reported in the previous section, therefore, are to be interpreted as the upper bound, across all assumptions explored herein. (2010); Quantity response to a change in price is heterogeneous at the country level but is homogeneous across products imported in any given country.
2 ε = − None Assumes that demand for imports is unit elastic.
Uses country-level elasticity estimates from Tokarick (2010) and adjusts this to reflect market shares of exporting countries to total product imports of economies, yielding country-by-product elasticity estimates. The higher the market share of the exporting country is to total imports by the importing country of a given product, the more inelastic is the demand for that product (and vice versa).
Adjusts unit demand elasticity with a factor to reflect market shares of exporting countries to total product imports of economies. The higher the market share of the exporting country is to total imports by the importing country of a given product, the more inelastic is the demand for that product (and vice versa)
Uses country-level elasticity estimates from Tokarick (2010) and adjusts this to reflect complexity of products being traded. More complex products are assumed to be more inelastic because producers will need time and resources to substitute more complex products.
Adjusts unit demand elasticity to reflect complexity of products (Hidalgo and Hausmann 2009) being traded. More complex products are assumed to be more inelastic because producers will need time and resources to substitute more complex products. By introducing adjustments based on product-level characteristics, i.e., market share adjustments or product complexity, the impact on GDP is attenuated. The targeted products may exhibit high complexity (especially for traded parts and components) and that certain trade partners dominate trade in that respect (for instance, in the case of soybeans). Product complexity adjustments however yield higher impact results than market share adjustments. This pattern is more pronounced in the case of the PRC. Looking at market shares, the US is the PRC's dominant trading partner in majority of its imports, capturing an average of 13.2% market share in 2,232 product lines of the PRC's imports, compared to an average of 4.1% market share by other trading partners. Therefore, a factor adjustment that accounts for the US' generally larger market share in the PRC's imports will yield lower elasticity on the part of the PRC, thereby generating lower impact arising from tariff-related disruptions. This assumption is valid in the short run, since the PRC might not easily source these products elsewhere, and could prove to be especially rigid for products where the US is the sole supplier, based on 2017 data.10 In the long run, however, buyers may be able to establish new trade links with alternative suppliers and rearrange their supply chain accordingly. Thus, adjusting elasticities for market share or product complexity yields lower estimated effects.
Over the long run, the elasticity will tend to be higher reflecting the possibility of supply adjustments relative to the baseline, but not without significant economic costs along the way. Over the long run, developing Asian economies are positioned to gain from trade. The major factor that explains gains in Asia excluding the PRC is that trade redirection enables these economies to supply products that are in direct competition with goods from the PRC. In the longer run, countries can switch suppliers of intermediate inputs as well as strengthen bilateral trade agreements with other countries. The magnitude of gains is greater under the worse-case scenario as more trade is redirected to Asia excluding the PRC.
VI. CONCLUDING REMARKS
The current trade conflict clearly has an uneven impact on the region and the world. In sum, the analysis in this paper shows that under a worse-case scenario, where all documented threats and retaliations are carried out, GDP in the PRC would fall by over 1% and GDP for the US would decline by 0.2% over a period of 2-3 years. In developing Asia, the effects from the trade conflict are mildly positive, as the region benefits from trade redirection in electronics and textiles. The inclusion of tariffs on autos and auto parts is more damaging for advanced economies (such as the EU and Japan) than in developing Asia. The paper also finds large negative effects on employment for the PRC, while only minor impacts are seen on the trade balance of the US and current account balances generally. This paper shows the advantages and versatility of analyzing trade using the ADB MRIOT database. MRIOTs capture important intersectoral trade links, can be easily extended to analyze new scenarios, and consider other indirect impacts.
However, there are important elements that MRIOT analysis cannot shed light on. First, like other comparative static models, the exercise does distinguish the short-run or long-run effects. The timing of the effects will vary as some impacts, particularly through the direct channel, may occur quickly, while effects through production links and especially trade redirection may take longer to appear. One can assume a timing of the direct effects based on effective dates, as shown in Table 1 , but there is much less guidance regarding the timing of indirect and trade redirection effects.
Second, there is also uncertainty regarding the amount of trade redirection that will take place. The baseline conservatively assumes that half of trade will be redirected to other countries not affected by the tariffs applied, but the extent of trade redirection could be higher or lower, and could vary across countries. Moreover, the trade redirection effect will take longer the lengthier and more complex the global value chains are, and the ensuing interruption to production could be more protracted. There may be secondary disruption effects from the possibility that production activities that took advantage of low-cost labor in Asia and return to the US due to the tariffs will become highly automated in the US and exacerbate negative employment effects further.
A third limitation of our analysis is that it does not account for the rebalancing of supply and demand in labor and other markets. As a partial equilibrium model of goods markets, it is not a general equilibrium analysis. However, analyses of the trade conflict using CGE models-such as Gentile and Li (forthcoming) , which uses the ADB MRIOT, and Bollen and Rojas-Romagosa (2018) -find effects that are similar in magnitude reported in this paper. Fourth, the model does not make assumptions about the potential opening of new trade channels, although there is scope for modeling a specific scenario as a reduction of tariffs to zero intraregionally. As concerns over collateral damage from the US-PRC dispute persists, major economies have accelerated ongoing efforts to forge trade agreements within Asia and beyond. Trade agreements reached within the year include Regional Comprehensive Economic Partnership, the AsiaPacific Trade Agreement, the Comprehensive and Progressive Agreement for Trans-Pacific Partnership, the EU-Singapore Free Trade Agreement, the EU-US zero tariff deal, the Japan-EU Economic Partnership Agreement, and the US-Mexico-Canada Agreement. Fifth, the model does not capture the effects of the trade conflict that work through confidence and future investment, which may be large and already taking effect. The impact through greater economic uncertainty, and the extent of economic disruption that may occur as global production is reallocated is difficult to predict and not captured in the channels explored here. These effects could be substantial as the trade conflict escalates, drags on, and spills over into financial markets. IMF (2018a) incorporates a confidence channel. The effects calculated with an added confidence shock are large, with global GDP lower by 0.5% at peak impact and most of the loss working through the confidence channel and its negative effects on investment.
How investors will react will be shaped by the extent of uncertainty the trade conflict will cause. Many investors are in a wait-and-see mode, concerned about further escalation or the possibility of a negotiated settlement. The literature on investment under uncertainty shows that businesses will hold off on large changes in investment plans until there is more clarity on the final decision. Even if the trade conflict proves to be temporary, foreign investors are reluctant to look for new suppliers of intermediate goods and sever ties with specialized suppliers or distributors with whom they may have established long-term legal contracts. These relationships are unlikely to be regained in the medium term: evidence from a temporary tariff on steel imports from the PRC in 2004 suggest that US buyers of imported steel were unable to gain back relations with PRC suppliers. The model does not capture the likely hysteresis from the irreversibility of severed links to the global production chains.
Finally, trade redirection assumes that relative prices across trading partners stay the same. However, if exchange rates or commodity prices change, the effect could be smaller or larger trade reallocation. For example, the PRC renminbi has depreciated by about 10% against the US dollar between the end of March and mid-November 2018, when the trade conflict began, which counteracts the tariff-induced 10% and 25% higher import costs from the PRC, negating a large share of the tariff in dollar terms, which is what matters for US buyers. Also, Asian stock markets have responded with losses to announcements in the short run, potentially having large negative wealth effects by lowering asset prices. The model does not incorporate the possibility of fiscal and monetary policy counteracting the effective costs of the tariffs on producers and consumers.
Over the long term, and if the trade conflict were to become permanent, the impact will be smaller as producers and consumers in new markets adjust prices and stronger trade ties within Asia and between Asia and other regions, such as the EU, compensate for the disruption. Global supply chains built over decades, which underlie international production networks, could allow countries to switch partners to create free trade agreements with other countries.
Evidence of collateral damage from escalating trade dispute between the US and the PRC to other countries across Asia is already emerging, even as exports for the region remained strong. Aggregate exports in the NIEs and ASEAN-5 economies have slowed in the first 8 months of the year compared to the same period a year ago. Exports for the region are likely to expand only slightly going forward as the recovery in manufacturing activity remains fragile and the trade tension shows no sign of abating. Asian policy makers are now looking for ways to cushion their economies from the effects of the trade conflict and to help ensure that trade remains an important driver of growth. For example, expansionary fiscal policies and the recent lowering of the reserve requirement by the central bank of the PRC to boost credit supply should counteract the negative impacts derived in the model. Note: The Group of Twenty (G20) countries is comprised of Argentina, Australia, Brazil, Canada, the People's Republic of China, the European Union, France, Germany, India, Indonesia, Italy, Japan, Mexico, the Republic of Korea, the Russian Federation, Saudi Arabia, South Africa, Turkey, the United Kingdom, and the United States. Source: Authors' compilation. 
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